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Qiassos ha Vi been tewa to b@ $©licl electrolyte® fox a long 
tia«« Iteeent advance® in the of Fa®t Im Condocttog 

glafi»« (nc) have opened wp mtif nm including 

high energy density hatt@rie«f electrochraaic displays and floors-? 
Most of iueli FIC glasses are based on cmpositiws derived fx«a 
silver iodide# Highest €o'',..Vjc:t’’vi-:y is r.ryfMtrd by FiCs baaed m 
tilver i<m wigxation* Cfesly very few of the FIC glasses are bated 
on Si02 tetrahedra m the networfe former because of the 
of silver precipitating out m metallic during tl» 

itelting procesa# Large of iiiver iwt® can be 


injected into SiO^ based glatset by subjecting the glass fibers to ; 
@ 0 dit» silver trc5atr.-?nt well below l^e glass trs»i-i 

sition tei^erattirt# ft%» C .Ir O' ' ' aVO ??l2> properties of such glass fibers 
fiat been by Chffbrrffl^rtyt IWi# ; 


Xn the presimt thesis the effect of silver rich layers induced^ 

by •MbJ*«Uh« th# glasa in thn bulk fora £3 no* olra] to oodlun:^ 


well beltw the glass transition p m, 

the ©lectrlcal proper^,©!; is .Tfeditd* ; 

[ 

Chapter I deals wl^ the electrical condtietii^ty (both imic i 
and ©lestrcnic) of glasses ind literatiiif® ,i«s'V©y» In this ch«^te» ■ 
eiectid.tal pr<wrtiti# r:c4c;l3 qcM 'Zu^Qhss^iszi for ionic and eXoc-trcrnii 
condyctiofi in glasses aleitg M* and PC of various glaj 

•ystsoia are discussed* Varloui aspects of iwd a brief; 

review on Fiv are also iricorporated# 










Chapter I 


mimmcnm 

Ion traneport in glm$m has been the tyfejeot of sttidy 
since 1S84 when Wirbiirg [Jl] «h<^«l that sodiisa can be tsranii** 
ported throygh Thorlnger glass fraa foditaa^affialgaia bath 
to another hf the application of a I3C voltage across the 
flass envelop* Haber tfid Itoter io l^b reported the um of 
flats to mmum the partial prettnre of oxygen in a 
C0/CX2^ mixtyre* Hanf f • [S] wted in an oIoctrDChor.jical cell# aodltta 


condyctliif giisees to m^mitor activity of todiwi in 
«®rcwry ' i3ty#lopoent of glasset isith higher l«ilc 







a 


associated with the um of a poiycrystaiito^ sagtorial h®caa# 
mMrnt* Most of these difficulties fAth the 

fabrication of cerialc solid electsrolyto# can b# alleviated by 
wilng A breakthrough cmm in 1973» when 

ICan«« [6] prepared (lais^sly by accident) a highly condycting 
Agl/Aig 2 SeO^ gla»«* itlyi a whole fesaily of such silver 

lodide/sllver oxysalt glasses was Identified C?] • Thai with th# 
of high cmducting glass iyst«it l<mlc 

ccmductlcsi In glasses has attained new diiaenslons# Such glass 
systems ere celled fast Ion ccmducting glasses and they 

haw very high values of Ionic conductivity (of the order of 
10*^ C at ro«i turn's these find Mid® applict^ 

ti<ms as solid eltctrolytes in various energy devicti* More 
than hundred KCC gl asset are reported in literature almost all 
of then have U.# Ag# Oia ^ F respectively at the isigratii^ 
cppeipn* Mott of tueh FXC glaesM are bated cii cmpositions 
derived from ilil vdiich Itself Is a fast ion cs'RfuctPr in the 
erystn’illirio form* M-ghost conductivity it exhibited by FlC 
glasses bated m tilvtr ion CMly vc-:;.’-/ of the FlC 

flattet are bated on SiO^ itw nt^iorli formtr bectute of the 
problem of silver preeipltsting out at metallic silver @gglO'i^ra»» 
tea durlnf the smltiJif large coneontration of tilvtr 

imit in tiilta basod hat been achieved by tubjtotini 

the fiitt flbert to sodlta-^ tllver treataent at a 



Ill® 


JSWf 

S!?»5 3fa«g« fj«« 10 cili3ah*eB C<s«i«iw hem 
lO*^ 0l«a*«tt laettilic allgyi) 

C'-A vrA-'j.-i'' art th® ©xld* and thtlctgtaidt 
s# 


® ,'vvisi/?g 'v'si I O ''/ fox iht 

rtd aattxitii li&« ltd to 


aaftiltictiafi la olatt¥ Sftyiisor.diiStei-Sft ft 
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l*Jl*l*i Clialc©gesaid© 

Th«s® §Ia$5#» ars those containing the Qrowp VX Cchaicog®** 
nidt) eleven t«^ suXfiWsi selenlWf. and al®» or in 

cofflfcination with the Group V eleaientCf arsenic, 

antimonyt wd feissnth and often inc? ••.ding other 0 “ '■■-.n'rtia «iich at 
thallium and ar,- The glasses based m cactl4i» arsenide 

probably also belong to this beeayse of their sinilar 

behavior# 

Their cl#c* conductivity is given by 

«r « «r^ erpC-O/kl) C3.*13 

iwhere Q actlvetlcm wiergy# preetponentlal factor* 





C9]* Fxitxtch® ClO] proposed 
modtl*. In it mgiom in which mostiy holts 
different fro© regions In which electrons are lo 
prc.:>c?yod that there are three kinds of electroni 
in region© » oiiannel states th 
materiaif but are ercluded fro® certain 


to r'loctrcr.s as charge carrier*# 


r«ohoftlor„f are attribw’tod to the transport of *h«irg« 


chaicogenide aeoieonductom t 




i 


Xi,X*lm2 Oxidi® Gmtetinin^ valent Tjeaasitlafi loas 

Thes® typ® @f glass®® exhibit seaiconciuctivity which i® 
ascribed te it® n«i»tolchi©Bi@tif7* The beat kncim ®r# 

the V«adate giaetegt s«ch as 0*6?20g^0»4T^0, and 

variou* vnaadiiitt phosphate glasses# Cofidyctlc«s in these glasses 
1# generally considered to arise dne to •hopping* of carrier® 
from on# strongly localised stat# to another# The two state® 
are the two valence state® of the transltion-«>tal ion* Expeid,*^ 
mentally a »asd«aw in the conductivity la fowad for glasses 
containing mixture® of i«fi» in the two valence states » in agree* 
ment with this model* I1N» conductivity for these glass#® is 
given by (Mott 1968 f Matin and Mott 1969) 


itafaeiiiAui 

W ^ 




«KpC-ta^8) e*p(» 


rwtwe^iweij^ 

li 4 


(1*3) 


phonon fr@qy&r?cy» © ratio of ©©scentration of ion® 
in lower val«nty to total ©oncentration of tranaitien metal i©it« 
rate of decay of wave funotiouf II Average hopping distMte# 
ig p9l»Tm tiding energy* \ m%mf di®ordei» 

th» mochtfiism in these glaetee it diffusion lilee 

in nature and the model is based on random distrilAitiofi of ion® in 
the flee®* 
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If PCs) fee ill® deneity of g^eseolation paths atsoclated with • 
tilt conductivity is flvtfi fey 


m 


Cf « / PCt) ©Xp['«» 2 lSS»Cc,/ 2 »«kT)|d 8 
o * 




where 

ej, * - (i 2 ^)V 2 ..jt i— 

tt" d € 

A 

f2m 


Under certain afeproximatlon CAfealet 1976 }* 
Bqn* Ci*d) radueta to 


0 «* 


•*fcV 2 ) 


(i> 6 ) 


Varlsu* gl««( oatal 


rVj ^ .S^ivs ,, t 

io* 'a tfV » W V»A 


UU 






yX‘^nri aihifeit cwiductlvity 


yariaticn witii tenparature m pr««Sfcttid fey 


Snitctiiiif ielt«y|®r 

S-^dtehing Md *s»a0ry* «ff«ct In hay* 'fenin rayltwti 

fey ftart'wa ai^ am in many ©tlmr pi«»art# ••pcciaiiy tha 

Jfewwiai of noKcryctpllIx:-® SfelMtf ycAiiiaii 2 f 4 and 8 thnnj^h 10 # 

0 

Thaat tffacti liavt totan faimd in €t'.aico'je-?:ldo gX&s$«$0 ^mrnMm 

in aadiiw l»o»tit«iatt' fiaca and imifeafeiy accur in all 
aasdeonductin^ flisata# 



th« otter it fcmtetd cm tte €on«®qy«te®t of tte ourront fioiiiiig 
through th# mat® rial tW* 



J.0 


In the ditmtim df the api>li©«3 field* IM® h&hBvim «« b® 
described by th# unidirectional isotion of an ion in irtilch they 
Jump frw on# pottniiai wll to another a barrier# 

Ste¥«ls [is] and Taylor [16] calculated the pro’^^.rthillty of the 




Jll. 


lh«ii tilt fieM str#*4gtti i$ sisilltr ton IcT 

f *, 

J|, 

Tht rtiistivlty la givm bf 

Xogf a* to A 4- Cl*8) 

whtr® A * constant 


AFp^ *• Chang® in f3p®t tnexgy foj- dc condyciion in 

units of kiloealorltt/molt* 

$0 a plot of logf m t/t ro.rilts in a straight ilnt «nd its slop# 
glvts tfm activation tntsgy for conductlwi* 

Xn dtriving t<F^« Ci«^) it Is m$vm4 that th@ potontlal 
harritr* art of swo hsight* This Is mlik^lf in mm of giattos* 
Aotording to to randon notork noiol tht ions fool a nor* m loos . 
randcMo potontiai onorgy -i^orlvlr^g itm to random nttork struoturo ' 
of gliiOd An i<si sponds most of its tlmo at potential onovff ' 
minima » Jwit ocoationallT It gains enosgy by tomal fluctuatisfts ! 
to pats th* potsntial bawritr which saparatt* adjatont poiontlal i 
energy $# tho .noas^xod activation tnorty vain® a r«fl®ct ; 

#itor the average of to distribution of potontisl barriers or | 
to hlgtwit potofitial batrior which « ion @nc 0 unt«rs« ; 






In randaa sit« m&d&l aii ions of th® parti c«iax typ« axt 
traated as potewtlaS. eaxriars with a ciittriibutipft of 

activatlofs enfxgy ahd th« mobility ¥sri«t with th# distribution 
of activation energy and thereby with the flats €ompositi«i» In 
general the variation of carrier concentration is relatively small 
and thus the chiuiife in conductivity with coEapotiti«m it mainly 
controlled by the change in mobility* 

In the weaic electrolyte model a fraction of the total i«m® 
of that type contribute to the conduction# the remainder being 
aosociated to keep thea iwofoile# while the mobility It independent 
of glass coo^oslticn# Both ^the models are used to explain iwilc 
conductivity in #«@ 8yst«s of fast ion conducting glasses but 
inconclusive results are reported t3B-*193* ; 

l*2*a m Ilectrical Properties of Oxide Olasees ; 

file electrleal retpont® of fimtses in m altemating field : 
arises ixm the aevewsnt of the charged particles or diptlts | 

restricted to distances iiddch'ia the order of interstosic spseii^* ! 

b 

these reipire the eur»eiMitiiig of enerfy barriers* It tsiuis a | 
finite time for the ion* to reach their final positioii after the I 

I 

field is applied* So polarliatiim vartes wildi time md tan be | 
represented as 1 



vaiyt Cmtinyoya mciimmtiit baelcwaxil m4 midar 

wP 

th» action ©f an MS fi«W ar®»«J.t© in a c<mtinw©w® tfosoxptim of 
tnorgy by ttna aatariai# Tha mxk 4&m m tha im% is disslpattcl 
as h«at* Th« rosaitant 3?ts® in t«i^ejra^3» dacroas®® th« laisK®- 
tion tim«» thus incrtaatef th® nm^x of ions which stoir® in m» 
haif cyclt# this can 3 r#s«it in a vm away sitwation of patofifotsl** 
v«iy incMitinii tnscgy lost* 

«!0i®fi a ptfioilic «i«ctric fi®i4 is 4«ipii®«t aexoas ta^l® 
tlw chaxf® miit vaty with ti»® const! tutas a 

mTtmt 

w 

Q m CVf SO w» w C iaWjy 
4® I m wW^ tuple ilM) 


Thus th« thatging cw3W®nt iowSs th« appii#^ yoitiift t/a in pltaat 


1 $ 


in «fi lidtai CIIS9# Bwt in real easet th# 5hG:;-*':dr~u enrrtnt laga 
the ideal aas# in phsum by m mgl^t #* the angle d 1® tba 
l@*s angla and tend is the let® faetor* The relation bstwiefi 
r«ii®tivityb and leas facter i# glwn by 

where f *• frequency 

- S»i53liO*^^ 

W 

£* • dieleeiri® eenstant at fiy«a fregtiency 

thus 

« a«f £* tattl (1*11) 

wfiith it added t# any DC ^miieibntim^ fl^inilarly dipelt® 
which align in the field centribnte t© AP eoric%}&tiritf» 

Tfm$ the eleetrital nr^rtiee ef glatnee in M field di^nde 
flfi tlie amhilf lent which five rite t© the-SiC ccwidiietiyity ae 
m^ll ae m the iMaehile ims er dipelee wliieh ttenetltetee a 
liart el tiei fleet iiet«f©fli« 

iff ti Elee trade felariratic^ 

leu trane^ert within a fleet under a petMitlal ey^iually 
leade te a Imild ef charge at the flaet^electred# interface if 


to tt fraction of th® tppllod ir©3.tag« tha foaree m tha moMlt 
i«mi in th® hulk Tti# back bwiM# up 

with tiui* raanXtlng in a mntixmum dteoraatt in glata condiiotivity 
with tiat# 

la im sxcHjia^ce 

If giatt i# in eontaot with « aodium omitainlng 

monovalent mnh a« a fuaod aait &jt agtitoitt aoltitiofi* 





giridiant this inapit® Pf tha Mif®rme@ in I 

the mobility of the cations * 

(! 

J 

1*4 STATEMENT OF Iffi PUOBI-EM 5 

As di®cu«se< 3 ! in the previous sections most of the FIC 
glasses contain silver a« the migrating species bat «mly very i 
few of these glasses are based m the silicon-oxygen totrahedral . 
frswework tine® it is difficolt to incorporate large concentration j 
of silver ions beeawse of the problem of silver preeipitating ®«t 
as metallic agglcmeratei during the »iting i^eratl®a How- 

evert it is possible to incorperale silver lm$ into slllcalai i' 
glasses by albali ^ silver l«i-@xch»ife reaction at a tempera- 
ture well below the glass traasiti^ teoperature mder 

ordinary condiUons of ion eschwifo via*t teaperature around 
32 b®C and duration extonding to SO hwro itm silver rich layer 
is found to be only a few tens of microns thicb i.ame 

«onc«ntrati<ma of sliver tens can be incorpiepatMMi Into $iO^ based 
glasses by subjectiiii the glass fibers having diameters of the 
order of 10 microns* Wm effect of such an ion^erchang® treatment 
on the electrlfal conduftivity has been reperted CChakravorty wd 
SrivastavaJ I» 3 t It tiao been found from the alcrostructures that 
the virgin flaises have a tm phase itrutture with the dispersed | 
phaae being rich in allcali* ^ I 

fha micros true tore reveals that thesi glaatea after i<Ma— i 

(I 

exch«m»g# have intercnwsocted silvar-deficlent phaee snd a silver— i 
rich phase with bmUm Interconnoctlvity* It has been shossi that ■ 


IB 


in thete im uwfiaiifocS glats an qstiaoia cansibiiiaiWLoii of 

tempera turt and eitotrlc field browght about • send-^otaantnt 
reduction r®»iatliAty and activation vaioes recpectiv®ly» 




19 

III® |>res«nt fiorle been wi^ertakeo to inveotigat® th® 
of sodium si Ivor ioii-«®xchango on the elec trio al 
properties of these glasses in the bylM form. 






CHAPT2R II 


EXPEEIMENTAI. tncm';!' 


llii« chap1»r 9iws m ace^unt tht irat-imis a»p»ct* of 
proparatiora of iilasaot* Pifforeot ttclmiquoa 

oi^loytd art also incXsjKitci* 


2t *I 


OF m»ms 


All glastts invostigaitd la tht p*«s«t «tu4y art prtpawii 
from rtagtnt gra<S® chtmioala* Hitlr e«sp©$4tic«i@ mm glvtn ia 
tablt 3*1* ll«2^ %% iatroduotd as l^orio 

J# a*-. A, a „„ a .m A. A. A j*iA , A _ .M A .A M. li „ ... A .. . 



The glaei melt It kept at the jreqwiifedl t«^erstyr® for tw 
hours and is moohanioalTy itlrawd so as to make it bubble fre@ 
and horaogtnaou** The glasses are oast in a rectangular aluminium 
mould (the apeclmtns cast hat the ®ls© 5 ca 3c2 cuss 0*5 cm) and 
subsequently anneiltd at •WO'^C for six hours* After aimealing the 
eai^let are kept In a dr^cdcijtcr* 






2.2 SMIPLE PREPARATiai FOR ELECTHICAi 


i V.V 



Thermocouple 

Thermocouple holder 

Central rod 
(Common ground) 

Stainless Steel cell 
body 


Stainless Steel Plate 
(Electrode) 

Alumina Substrate 



Electrode wire 


Pyrex tube 


Metal Shielding (common ground) 


Stainless Steel plate 
(Electrode) 
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Ion-exchanged 
(Silver- rich Layer) 


ig. 3.1 Schematic representation of the morphology 
of ion- exchanged sample. 
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Fig. 3.2 Schematic circuit diagram for DC Resistivity 
measurements. 
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Fig. 3.4 Complex impedance plot for glass system IG^ . 
Ion exchanged at 350°C (T = 68°C) 



-ig. 3.5 Complex impedance plot for glass system 6,(1 =153°C) 
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Fig. 3.6 Complex impedance plot for glass system IG 2 lonexchanged 
at 325°C(T = 46°C) 
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Resistivity of various glass taaplos has heen calculated 
from the coi^lex iK|>«clancs plot for various t3rr?^rc!t-«rer> in the 




Negative Resistance Region (NRR) 


V (Volts) 

Fig. 3,11 Switching of glass system IGi ionexchanged at 
350°C to HIGi glass system (Tp = 360°C) 
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ig. 3.12 Switching of glass system IGi ionexchanged at 
325°C to HiGi glass system (Tc= 377°C) 
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ig. 3.13 Switching of glass system IG 2 ionexchaged at 350°C 
to HIG 2 glass system (1^ = 231^0 
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Fig. 3.14 Switching ot glass system IG 2 ionexchanged 
at 325°C to HIG 2 glass system (Tc = 28 5°C) 




negativ® resl^ttnc© region shown fey a«£3wt In these figures* 
liigh conducting itate is ttafeX® and HIG glass systems m® mm 
mzQrifil$ characterised fey high cenciucti¥ity* Variation ©f 
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Figs* 3#2l and 3*22 show log 9 vs 1/t the glass 
system G and glass system XG rtsfeectively# 
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Tabl®# 3*3 to 3*7 give the values of pr©5'-/p©n£‘r.tial factor C?^): 
and activation wetfy Q for the glase aysitm S* glaee eyetem I® : 
and glaii eye to# roapoctiwl*/# ' j 
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• IG-) ionexchanged at 325 C 

O IG-] ionexchanged at 350°C 

□ IG2 ionexchanged at 325°C 

^ IG3 ionexchanged at 325°C 

A IG3 ionexchanged at 350°C 



Fig. 3.17 Temperature variation of critical electric field 
(Ec) for glass system IG. 
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Fig. 3,18 Temperature variation of DC resistivity for 
glass systems Gi. IGi and HIGi. 
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Fig. 3,19 Temperature variation of DC resistivity for 62 ^ 
IGo and HIG 2 glass systems. 
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Fig. 3.20 Temperature variation of DC resistivity for 63 
IG 3 and HIG 3 glass systems. 




Fig. 3.21 Temperature variation of DC resistivity for Gi , 
Gz and 63 glass systems. 
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Fig. 3.22 Temperature variation of DC resistivity for IGi^ 
IG 2 and IG 3 glass systems. 
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3*5 Discussion 

ACtivatliwi eneirgF eenduetiwi the resistivity is 
feimct te bt deexeasing wdth insxtatinf m^mt of na^O# It is , 
btosuse m intreait in the aaoimt of H^O content leads to 
•nhanctjaent of tt» iion»b*14ging ions and hence ® lowexinf 
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Fig. 3.24 Current Voltage charecteristics for CIHIG 3 IC 
cell . 
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Fig. 3.25 Conductivity as a function of time for 52 5102^ - 

30Na2O * IOB 2 O 3 '8 Bi 203 glass ionexchanged (Agr::Nc 
at 350°C for48hrs and switched, at various temp- 
eratures and voltages. I 
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